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Feature
Research in plant biology has contributed much to our understanding of 
fundamental biological processes and will factor importantly in our ability to 
feed a growing population. However, a global view of funding for the plant 
sciences suggests a mixed outlook, with some success stories at individual 
institutions, but a general neglect in terms of national funding priorities.  
Cyrus Martin reports. 
A global view of funding for the plant sciences
a
The value of plant research: Research in the plant sciences has both obvious benefits to 
society, such as improving the yields of important crops like wheat (upper panel), and the 
 potential to make contributions to our understanding of basic biological processes relevant to 
many forms of life (image: Photolibrary.com). The bottom two panels show transgenic petunia 
plants, in which the expression of color in the white sectors of the flowers has been silenced 
by RNA interference. Work in petunia and other plants first revealed this important mechanism 
of gene regulation (photo: Richard Jorgensen).It’s no secret that biomedical research 
receives the lion’s share of funding 
in the life sciences. Politicians set 
budgets and determine in broad 
outline which fields receive money, 
and this has typically meant that 
curing diseases, which is of prime 
interest to the electorate, is the top 
priority. As a consequence, subjects 
like evolutionary biology and ecology 
have had to subsist on small, almost 
token, scraps rationed by institutions 
like the National Science Foundation 
in the US, a situation reminiscent of 
support for the fine arts. Although 
no doubt one could make a cogent 
argument that such subjects are 
relevant to mankind’s well being, one 
almost gets the impression that these 
fields are viewed by bureaucrats as 
intellectual exercises only: they help 
us understand our world but have 
limited practical value. One such 
neglected field that certainly should 
be immune to such accusations, given 
its vital importance to food security 
and alternative energy, is plant 
science. 
Our society is confronted with  
the challenge of feeding an  
ever-increasing population that, as 
a result of an increased standard of 
living in Asia and India, is shifting 
more towards a meat-based diet. 
These factors exert pressure on 
grain supplies and call for more 
research aimed at increasing yields. 
On the alternative energy front, the 
development of biofuels in the US, 
Europe and elsewhere has been  
part of the proposed solution to 
achieve independence from foreign  
oil and mitigate global warming.  
These two challenges alone should 
justify plants receiving a bigger 
share of the budgetary pie, but 
one also sees that research in 
plants has contributed much to our 
understanding of many fundamental 
aspects of biology that are relevant to other forms of life, including our  
own species. 
For instance, just consider some of 
the insights into the basic mechanisms 
of cell and molecular biology provided 
by plants that are relevant to all spheres 
of the life sciences. After all, it was in Mendel’s pea plant that genes were 
first shown to be discrete, independent 
units. In addition, most in the plant 
sciences would probably offer up 
Barbara McClintock’s Nobel Prize-
winning work on transposons in maize 
that paved the way for our current 
understanding of how genes are 
regulated. McClintock demonstrated 
that gene activity can be affected by 
nearby DNA sequences, a concept 
that was borne out by Jacob and 
Monod’s work on the lac operon and 
which is one of the cornerstones of 
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Plant science on the cutting edge: Just opened for business in the spring of 2011, the 
 Sainsbury Laboratory at Cambridge University will bring world-class plant scientists together 
to tackle pressing questions in plant development. (Photo: Hélène Binet, Photographer of 
esigned by Stanton Williams.)cell and, particularly, developmental 
biology. And then, of course, there are 
Richard Jorgensen’s observations in 
petunia, together with observations 
made by others in different systems, 
that established the existence of 
RNA interference and which were 
overlooked when the Nobel prize was 
awarded for RNAi. Arguably, no field 
in molecular biology has grown so fast 
and impacted our understanding of 
gene regulation as much in recent years
as the small-RNA field has, and plant 
biologists deserve some of the credit.
 Aside from these prize-worthy 
achievements, there are more modest 
but significant advances being made 
in whole swathes of biology that 
have been facilitated in part by the 
development over the last 30 years 
of the mustard weed Arabidopsis 
thaliana as an experimental system. 
This model organism, which has been 
hugely successful due to its compact 
genome and short reproductive cycle, 
has been exploited to shine light on 
pressing questions in biology, such 
as how cells become polarized, how 
developmental programs are initiated, 
how environmental signals are 
perceived, and so on.
Given the relevance of plant research
both to our basic understanding of 
biology and to the weighty societal 
Architecture: the Sainsbury Laboratory was dissues of food security and alternative 
energy, it seems appropriate to assess 
the current state of funding for plant 
science around the globe.
Europe
In the UK, the bulk of public funding 
for plant research flows from the 
Biotechnology and Biological Sciences 
Research Council (BBSRC), one of 
the seven UK research councils. The 
BBSRC funds a hodgepodge of topics 
in the fields of aging, systems biology, 
nanoscience and — with relevance to 
plants — bioenergy and crop science, 
all with an aim to increase society’s well 
being. The most recent BBSRC delivery 
plan for 2011–2015 has outlined three 
areas of priority called ‘strategic grand 
challenges’. One of these challenges 
is to develop solutions to the problems 
posed by an aging population, with an 
emphasis on developing drugs to treat 
diseases of the aged. The other two 
grand challenges tackle the issues of 
food security and biofuels, respectively, 
which reflects a recognition of 
the impending problems already 
mentioned. While many countries 
are alerted to these issues, they are 
particularly worrisome for policy makers 
in the UK due to its status as a densely 
populated island nation with limited 
arable land.Money allocated to the BBSRC flows 
to individual laboratories scattered 
around the UK but principally to its 
major research institutes and centers. 
One of these is the John Innes Centre 
in Norwich, widely regarded as a kind 
of ‘mecca’ of plant biology, comprising 
a high concentration of talented plant 
researchers, the like of which is seen 
nowhere else in the world. Notable 
breakthroughs made by John Innes’ 
scientists include the discovery of 
genes necessary for the production of 
wheat hybrids, the genes and molecular 
mechanisms of dwarfing in plants that 
figured hugely in the green revolution, 
and the genes involved in flower timing. 
At the John Innes, the emphasis is on 
fundamental research, in particular 
the basics of plant metabolism, 
development, environmental responses, 
and interactions with microbes. It 
should be noted that microbes in their 
own right represent a second major 
component of research at the centre. 
Indeed, intertwined with the John 
Innes is the Sainsbury Laboratory, an 
institution principally funded by the  
Gatsby Foundation and whose primary 
function is to understand the complex 
interactions between plants and 
microbes that occur, for example, in 
plant diseases. Such diseases can 
wreak havoc on food supplies as seen 
in the famous potato blight in Ireland in 
the 19th century and more recently in the 
case of wheat blast, which is currently 
threatening South American crops. 
Plant–microbe interactions are also 
relevant to the goal of increasing yields 
whilst using less fertilizer. In legumes, 
symbiotic bacteria living in roots provide 
nitrogen in exchange for sugars, and 
scientists in the UK and elsewhere are 
interested in harnessing this symbiosis 
for use in non-legume crops.
A very recent development in the 
UK has been the opening of the 
Sainsbury Laboratory at Cambridge 
University, which is funded by the same 
organization as the Norwich laboratory 
but is completely independent. The 
laboratories themselves, which will 
house 120 scientists working on topics 
in plant development, were only just 
constructed, with the ribbon-cutting 
ceremony being held earlier this year. 
The state-of-the-art facilities will also be 
the home of the University’s herbarium, 
a vast collection of plant species, 
including some obtained by Darwin on 
his famous Beagle expedition. Elliot 
Meyerowitz, on sabbatical from the 
California Institute of Technology, has 
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Farming in extreme environments: Lack of moisture and high salinity are among the challenges 
faced by farmers in extreme environments such as the desert. At KAUST, in Saudi Arabia, scientists 
uch inhospitable conditions. (Picture: Photolibrary.) been appointed the inaugural director 
and is charged with filling the Sainsbury 
Laboratory with talent and providing 
direction as the organization takes 
its first steps forward. Meyerowitz is 
credited, among others, with helping 
to develop Arabidopsis as the model 
in plant biology (for an account, see 
Nature 315, 366–377), and in the 
1980s his research group cloned the 
first gene from this species. More 
recently, Meyerowitz has turned his 
attention to plant development and 
uses a combination of cell biology and 
modeling approaches to understand 
how stem cells are regulated. 
When asked to elaborate on the 
mission of the new center, Meyerowitz 
says, “The Sainsbury Laboratory at 
Cambridge University aims to be a 
preeminent plant science laboratory in 
the world, concentrating on solving the 
fundamental biological problem of how 
the stable linear code of DNA sequence 
serves to create three-dimensional, 
highly dynamic organisms.” In addition 
to more standard cell biology and 
genetic approaches, the new center 
has placed an emphasis on modeling. 
The use of modeling approaches 
in biology is not new but its utility 
is growing, particularly in the plant 
sciences, as researchers finish 
identifying the molecular components 
of biological systems (e.g., the kinases, 
transcription factors, and small RNAs) 
and begin to ask more complex 
questions about how such components 
interact with one another. Speaking 
of the value of modeling, specifically 
mathematical models, Meyerowitz 
says, “These models make specific 
predictions, which can be tested by 
doing experiments that change model 
parameters in the living organism, and 
seeing if the predictions are correct, 
or not…”. This blend of computational 
and experimental strategies will be 
the ethos of the new Cambridge 
endeavour, though the first step will be 
to hire the investigators, and, indeed, 
applications are still being accepted.
While the UK has clearly maintained 
a strong position in plant research 
as seen by the continued standard 
of excellence maintained by its 
established institutions, and the new 
research enterprises exemplified by 
the plant science center at Cambridge, 
one cannot ignore numbers when 
considering the overall picture. 
Jonathan Jones of the Sainsbury 
Laboratory (Norwich) says, “In the 
UK, it is getting harder to get funded. BBSRC is receiving flat funding for the 
next 4 years, which means a reduction 
in real terms, plus with increased 
funding for ‘knowledge transfer’ 
comes reduced funding for science.” 
A glance at the 2011–2015 BBSRC 
Delivery Plan confirms Jones’ remarks, 
which actually shows a slight decline 
in allocation for research from 212 
million pounds in 2011, to 198 million 
in 2015. Jones continues, “There is a 
widespread and growing impression 
that it is becoming more difficult to 
obtain funding for curiosity-driven 
research…perhaps we risk becoming 
hoist on our own petard with all this 
drumbeat about the need for science 
to address food security.”
Funding for basic research has 
traditionally been a difficult sell to the 
public because the benefits, in terms of 
societal gains, are not as immediately 
evident compared with applied 
research. Though most scientists 
would probably argue that such 
benefits are only possible with a solid 
foundation in basic research, it is nearly 
impossible, until after the fact, to know 
for certain which lines of investigation 
will lead to, for example, new therapies 
to treat disease. But a typical analogy 
has been that understanding the 
working parts of an engine, and how 
they normally function as a whole, 
is the first step toward fixing a 
mechanical problem. Obviously, there 
needs to be a balance between basic 
and applied research, but in the UK the 
are keen to develop crops that can thrive under sbalance in plant science appears to 
have shifted to the latter. 
Interestingly, if we gaze across the 
English Channel, to mainland Europe, 
we see a slightly different picture. 
Jones, speaking about European 
plant science funding in general, said, 
“A major plus is the ERC (European 
Research Council), which funds 
European investigators to try to make 
big discoveries. This program is the 
best thing the EU has ever done in 
science.” The ERC, which receives 
funding for basic research from all the 
members of the European Union, has 
turned funding priorities upside down. 
Instead of the funding agency defining 
the priorities, the ERC has taken a 
‘bottom-up’ approach in which they 
consider grant proposals on a  
case-by-case basis without regard 
to any preset agenda. It is believed 
that this system will help unleash 
the creative potential of scientists, 
leading to more innovative research. 
There is concern, however, that other 
EU research objectives, particularly 
cost over-runs associated with the 
experimental nuclear fusion facility in 
southern France, will mean less money 
for the life sciences in Europe.
The Middle East
In the coastal town of Thuwal,  
80 kilometers north of Jedda, on the 
eastern shore of the Red Sea, is a 
relatively new research center, first 
opened in 2009, that constitutes one of 
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HHMI goes green: Bob Tjian of the Howard Hughes Medical Institute, together with the Gordon 
and Betty Moore Foundation, have announced a new initiative to fund basic research in the plant 
sciences. Fifteen lucky investigators will each receive a five-year grant. (Photo: James Kegley.)the crown jewels in the Saudi research 
portfolio. Funded by the royal family, 
the King Abdullah University of Science 
and Technology (KAUST), has been 
charged with a mission to churn out 
world-class research in areas such 
as alternative energy, marine science, 
supercomputing, and basic research in 
plant responses to harsh environments. 
At first glance, the topics seem 
somewhat disconnected, but their 
designation as research priorities 
reflect problems endemic to Saudi 
Arabia. For instance, KAUST is situated 
adjacent to a coral reef system and 
mangrove forest, and the conservation 
of such ecosystems is thus of local 
interest. And the harsh climate, 
particularly the lack of moisture and 
the high soil salinity present challenges 
to agriculture. The KAUST website 
says, “While Saudi Arabia produces 
food crops, only 1.8 percent of the 
Kingdom’s total land area is arable, 
permanent cropland (1998 figures), as 
compared with 8 percent in the rest of 
the Middle East and North Africa, and 
11.3 percent worldwide.” 
The Plant Stress Genomics research 
center at KAUST is a response to 
the need to exploit currently infertile land and land which may become 
non-arable due to factors like climate 
change. The strategy is to study 
species of plants that are adapted to 
harsh environments, determine which 
genes confer hardiness, and then use 
this information to generate crops with 
these same traits. Leading this effort 
is the director of the center, Jian-Kang 
Zhu, also of the University of California 
at Riverside. Dr Zhu, recently elected 
to the national academy of sciences, 
has made a number of contributions 
to the biology of plant responses 
to stresses such as drought and 
extreme temperatures. In addition to 
luring foreign researchers by modern 
research facilities and other amenities 
(KAUST can boast its own golf course), 
KAUST is forming collaborations with 
laboratories abroad. Dr Nick Harberd 
from the Department of Plant Science 
at Oxford is one such collaborator. 
Harberd’s earlier work established 
some of the key molecules and 
mechanisms that regulate plant growth 
in response to stress. Now, Harberd, 
supported by KAUST, is expanding 
his attention to combined studies of 
stress tolerance in Arabidopsis and 
wheat. By studying the evolution and genetic variability of cultivated and 
wild varieties of wheat, Harberd aims 
to identify those genes that may allow 
growth in dry, saline soils.
In attracting some of the cream of 
the plant research community to its 
institute, KAUST appears to be on 
track to realize its stated ambition to 
be a world-class research center. But 
there may be risks. The University  
is still young and unproven. There is  
a need to continue recruiting  
high-quality plant researchers, and this 
will require a compelling case to be 
made to scientists for moving to the 
Saudi desert, away from their homes 
and more established universities. On 
the domestic side of things, there is 
also the sensitive issue of how the local 
population will view enormous sums 
of money being lavished on foreigners. 
Such factors may place the royal family 
and KAUST administrators under even 
more pressure to produce results.
Asia
Like the UK, Japan is a densely 
populated island nation, putting 
arable land at a premium. Given the 
similar challenges, it is no surprise 
that Japan has placed a high priority 
on food security. This was perhaps 
most evident by their lead role in 
the International Rice Genome 
Sequencing Project, which in 2005 led 
to the unveiling of the first map-based 
rice genome sequence. As with the 
publishing of the Arabidopsis genome 
in 2000, the rice sequence has given 
plant biologists an essential resource to 
help them grapple with the biology of 
this species, the most highly consumed 
grain in the world. In Japan, the Plant 
Science Center at Yokohama Institute, 
part of RIKEN, has set a broad range 
of objectives, ranging from basic 
mechanisms of photosynthesis to the 
creation of transgenic rice varieties 
with enhanced yields and/or nutritional 
qualities.
The most notable newcomer to 
cutting-edge research, including plant 
science, is China, which can boast the  
fastest growing major economy in the  
world. Traditionally, China has invested 
significantly in crop science due to the 
appetite (literally) of its vast population, 
currently nearing 1.5 billion people. 
But now with its new-found resources, 
China can afford to put more money 
into research, and by all accounts 
the Chinese aim to emulate the great 
university systems of the western 
world. As in the West, the Chinese 
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spectrum, from basic to applied. Most 
of the money for basic research in 
plant science comes from the Chinese 
National Science Foundation, and this 
is divided between regular grants, 
which receive a few hundred thousand 
RMBs, and key grants, which are an 
order of magnitude greater in size. In 
the grey areas between basic and 
applied research, China has also 
committed itself. A Chinese scientist 
who was willing to comment off the 
record explained: “A second type of 
support comes from the Ministry of 
Science and Technology (MOST), which 
supports research that has a clear 
mission in supporting the economy, but 
is still quite basic. The grants in this 
second type are for multi-institutional 
collaborative projects that respond to 
‘call of proposal guidelines’ that specify 
the general areas of research. Plant 
biology is supported by a major 
program in agricultural sciences (which 
includes both plant and animal 
research), with about 8 large 
collaborative projects every year, each 
with more than 20 PIs. Recently funded 
areas include rice functional genomics, 
plant reproductive development for 
crop improvement, plant secondary 
metabolism and improvement of crop 
nutrition.” 
Finally, on the applied side of 
the spectrum, China has invested 
significantly in genetically modified 
crops, particularly, rice, wheat, corn, 
cotton, and soybeans. The goal, as in 
other parts of the world, is to increase 
both yield and quality. As a sign of its 
commitment, China has dramatically 
increased its funding for transgenic 
crops, pledging 10 billion RMB over the 
next decade. Interestingly, all of this 
cash does not necessary mean that 
every scientist will realize a windfall. The 
same source explained, “….because 
of the increased number of scientists 
in recent years, including the influx of 
people trained in the west, the dramatic 
increase of funding has increased the 
successful rate of grant proposals only 
transiently. The situation is perhaps 
that the increase of funding is generally 
matching the increase in research 
capacity and in research personnel 
such that the stronger institutions are 
receiving more funds and that the newly 
recruited excellent young scientists 
from overseas are having relatively little 
difficulty in securing funding.” From 
the perspective of the Chinese people 
and its government, this influx of talent bodes well for its aspirations both to 
feed itself and to become a research 
powerhouse that can compete with its 
western neighbors.
The United States
At over 30 billion dollars annually, the 
National Institutes of Health budget 
dwarfs the biomedical research budget 
of any other country. But less than 
1 billion is allocated in the US for basic 
research in the whole of evolution, 
ecology, microbiology and plant biology, 
and this comes from grants through 
the National Science Foundation. In 
recent years, the NSF has funded basic 
plant research principally through 
two mechanisms: the Plant Genome 
Research Program and the Arabidopsis 
2010 project. The latter was a  
decade-long initiative to systematically 
determine the functions of every 
protein-coding gene in the Arabidopsis 
genome. On the applied side, money 
comes from two main sources: the 
US Department of the Agriculture 
(principally through the National Institute 
of Food and Agriculture), and the 
Department of Energy. DOE, of course, 
is interested in developing biofuels, 
particularly the cellulosic varieties that 
don’t compete with food crops.
Perhaps the most significant 
recent development in the US was 
the announcement last fall by Bob 
Tjian, the director of the Howard 
Hughes Medical Institute, that HHMI, 
in collaboration with the Gordon and 
Betty Moore Foundation, would make 
plant sciences a priority. The plan is 
to fund 15 laboratories, and they have 
allocated 75 million dollars, which will 
be doled out over the next 5 years. 
Recognizing that basic research has 
been neglected, the HHMI–Moore 
collaborative has called on applications 
aimed at providing fundamental 
insights in plant biology. As of right 
now, the successful applicants have 
not been announced but a spokesman 
for HHMI confirmed that the winners 
will be revealed in the next few weeks.
HHMI has a reputation of funding 
the brightest, most innovative 
investigators. But students first have 
to be encouraged to go into the 
plant sciences, and nurtured once 
there, in order for programs like the 
HHMI–Moore initiative to be successful. 
So the question is, does this pool 
exist in the US? Vicki Chandler, the 
chief program officer for the Moore 
foundation, and a plant biologist who 
studies gene silencing, has a sense that the quality of the US talent pool 
is quite high. Speculating as to the 
reasons, Chandler says “While I have 
no proof, my hunch is that this is 
likely to be because of the substantial 
funding NSF put into fundamental 
plant sciences through both the Plant 
Genome Research Program (PGRP) 
and the Arabidopsis 2010 programs, 
which encouraged the field’s best 
scientists to continue to work on plants 
and helped them attract top students 
and postdocs.” However, putting her 
organization’s efforts aside and looking 
at the national level, Chandler has 
doubts about the future, saying, “It is 
a big worry to me and many others 
that this is changing for the worse. 
If that is true it will be even harder to 
attract the best students and postdocs 
to work on plants and we will not be 
tackling the fundamental questions we 
must address that are relevant to our 
environment, energy, food and human 
health.” Chandler went on to explain 
that the Arabidopsis 2010 project, as 
its name implies, has been disbanded 
and the PGRP has an uncertain 
future. Perhaps if the HHMI–Moore 
collaboration is a success, this will 
encourage US policy makers to loosen 
the purse strings for basic plant 
science.
The global picture
Stepping back and looking at the 
overall, we see that the plant sciences 
continue to lag behind the biomedical 
sciences despite the pressing 
challenges of food security and 
alternative energy. We see in particular 
that, in many parts of the world, there 
are relatively scant resources for basic 
research, which is somewhat surprising 
given the many contributions made to 
science by plant research and the 
inescapable fact that, only through 
basic research, can we hope to make 
significant progress. But there are 
reasons to be encouraged. Clearly 
there is phenomenal work being done 
at individual institutions, at least partly 
supported by private donors, such as 
the Gatsby Foundation in the UK, and 
the HHMI–Moore collaboration 
in the US. If these new, smaller scale 
ventures can be successful, and if the 
plant community can argue its case 
successfully, perhaps governments 
will reconsider where their research 
priorities should lie.
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